Purpose: The objectives of this study were to compare the functional expression of muscarinic and purinergic receptors in the urinary bladder of 2 species, rat and guinea pig under comparable experimental conditions; and to test whether the receptors in males and females differ. Methods: Reverse transcription-polymerase chain reaction (RT-PCR) techniques were used to identify gene expression profiles in bladder smooth muscle (total n=8 rats, 7 guinea pigs) and mechanical responses to nerve stimulation and applied acetylcholine (ACh) in the presence of specific antagonists were used to identify functional receptor sub-types (total n=12 rats, 16 guinea pigs). Results: RT-PCR indicated that M2 and M3 were the predominant muscarinic receptor genes in both the male and female rat and guinea pig bladders. M) caused a significant reduction in the amplitude of the phasic response to nerve stimulation in all groups, and this effect was significantly greater in male vs. female rats. mRNA for the purinergic P2X1, P2X2, P2X4, P2X5 and P2X7 receptors was detected in both male and female rats, whereas P2X3 and P2X6 were inconsistently detected in male rats. The P2X1 purinoceptor antagonist pyridoxal-5'-phosphate-6-(2'-naphthylazo-6'-nitro-4', 8'-disulphonate) (PPNDS), only inhibited nerve induced contractions at high concentrations (up to 10 -4 M). Conclusions: While only minor functional differences were documented in cholinergic and purinergic bladder contractile responses between male and female animals, and between rats and guinea pigs, data such as presented in this study are critical in determining how relative functional contributions may change in the diseased state, providing valuable information towards new treatment options.
Introduction
During micturition, bladder contraction is brought about by activity of the pelvic nerves. In most mammals the initial (phasic) contraction is thought to result from adenosine triphosphate (ATP), released by parasympathetic nerves, acting on P2X purinoceptors on the smooth muscle cell membrane, while prolonged contraction results from the action of acetylcholine (ACh) which acts on muscarinic receptors on the membrane (Burnstock, 2009; Callahan and Creed, 1986) . In humans, the purinoceptors are of minor importance in the healthy bladder but play some role in overactive bladders (Bayliss et al., 1999) . There is no classical functional inhibition although nerves containing nitric oxide and noradrenaline have been identified in the bladder. These may act in-vivo on other structures in the bladder wall such as sensory nerves or the urothelium.
Of the 5 muscarinic receptor subtypes (M1-M5) that may mediate functional responses to ACh, M2 and M3 have been identified pharmacologically on the smooth muscle membrane of the bladder (Eglen et al., 1996) . Whereas the M2 subtype is most common, the M3 is functionally more important in producing contraction of isolated bladder, with M2 thought to act by inhibiting beta-adrenergic relaxation in-vivo (Hegde et al., 1997) . This is supported by the observation that contractions of bladders from knockout mice without M3 receptors are greatly reduced (Matsui et al., 2000; Igawa et al., 2004) . Whereas studies with immunological and Northern Blot techniques have failed to reveal M1 and M4 subtypes, the genes responsible for synthesis of the receptor subtypes M1-M4 have been identified by reverse transcription-polymerase chain reaction (RT-PCR) on whole extracts of rat bladder wall (Braverman et al., 1998a ). An increase in bladder smooth muscle M3 receptor mRNA expression has recently been demonstrated in rats with bladder outlet obstruction (Kim et al., 2008) . Rapid responses to ATP are mediated by purinergic P2X receptors, which have been classified into 7 subtypes, which come together to form non-selective cation channels (Khakh et al., 2001) . Variable profiles of expression have been detected using different methods in the bladder including from human tissue (O'Reilly et al., 2001; O'Reilly et al., 2002) . Contraction is thought however to be mediated primarily via P2X1 receptors, since bladder contraction does not occur in mice having a P2X1 receptor deficiency (Vial and Evans, 2000) . Although there are differences in the incidence and characteristics of overactive bladder in humans (Cheung et al., 2009) , and male but not female M3 receptor knock-out mice have difficulty urinating (Matsui et al., 2000) , comparisons of the differential contractile bladder responses to nerve stimulation in males and females under directly comparable experimental conditions are warranted. Furthermore, since results from a number of different species are often compared, responses in two species, rats and guinea pigs, were assessed to see whether it is valid to extrapolate from one species to another.
In the present experiments, we therefore used both molecular and pharmacological techniques to assess both the relative incidence and functional expression of receptor subtypes on detrusor muscle, and aimed to determine whether differences exist between males and females. RT-PCR techniques were used to identify which genes were present and then a combination of nerve stimulation and agonist/antagonist applications were used to identify the functional receptor subtypes responsible for bladder contraction.
Methods

Animals
Young adult tricolour guinea pigs (~ 400 g body weight) and Wistar rats (~ 250 g body weight) of both sexes were used. All experiments were carried out with the approval of the Animal Ethics Committee of Murdoch University, Western Australia. The stage the females were at in the oestrus cycle was not identified. After being subdued in 80% CO2 in O2, the animals were killed by exsanguinations and the abdomen was opened in the mid-line. The urinary bladder was removed into ice-cold 0.1 M phosphate buffer pH 7.4. The external connective tissue was removed, the bladder was opened by a mid-dorsal incision and the urothelium stripped.
Total RNA extraction
For rat tissue (4 male and 4 female), bladder muscle strips were cut into pieces 1-2 mm square. RNA was extracted by the Promega RNagents ® Total RNA Isolation System (Promega, For guinea pig bladder (3 males; 4 females), RNA was extracted with the MasterPure™ RNA Purification Kit (Epicentre, Madison, WI, USA). After stripping and cutting, the pieces were transferred to an ice-cold lysis solution containing 50 μg Proteinase K (MasterPure™) per 300 μL, and homogenized as described above. Debris from the solution was precipitated with MPC Protein Precipitation Reagent (MasterPure™) and then RNA was precipitated with isopropanol and the pellet washed in 70% v/v ethanol before resuspension in 20 μL of RNase-free water.
For both rat and guinea pig tissue, contaminating genomic DNA was removed with RQ1 RNase-free DNase 1 (1U, Promega) at 37ºC for 20 min in a final volume of 100 μL, containing 40 U of RNasin Rnase inhibitor (Promega), 40 mM Tris, pH 8.0, 10 mM MgCl2, 1 mM CaCl2 and 10 mM dithiothrietol (DTT). For the guinea pig RNA samples this process was repeated to ensure complete removal of genomic DNA. RNA was re-extracted with phenol: chloroform: isoamyl alcohol and Phase Lock Gel Tubes (Eppendorf, Brinkman Instruments, New York, USA) and precipitated in 100% ethanol with 20 U glycogen (Roche) and 0.3 M sodium acetate at pH 4.0. RNA concentration was assayed on a UV spectrometer (Shimadzu UV Mini 1240, Shimadzu Corp, NSW, Australia).
Reverse transcription
To produce a complementary DNA pool (cDNA), 5 μg of RNA was reverse transcribed in a 50 μL final volume by using Superscript II or Superscript III (100-200 U, Invitrogen, Carlsbad, CA, USA) in 1 × RT buffer pH 8.3 (Invitrogen), with 2.5 ng/μL random primers (Invitrogen), 1 mM 2' deoxynucleoside-s'triphosphate (dNTPs, Invitrogen), 5-10 mM DTT (Invitrogen), and 20-40 U Rnasin Rnase inhibitor (Promega) at 50ºC for 45 min and then 55ºC for 30 min. The RT enzyme was then heat-inactivated (90ºC for 5 min). Samples, in which RT enzyme or starting RNA was omitted, were also forwarded for PCR as negative control samples. From the cDNA pool generated, 2 μL was used for each PCR reaction.
PCR
Polymerase chain reactions were performed with primers specific for purinergic P2X1-P2X7 receptors in rat and muscarinic M1-M5 receptors in rat and guinea pig. Details for primers used on rat tissue have been published previously (Drescher et al., 1992; Phillips et al., 1996; Phillips et al., 1998) . Primers for the guinea pig muscarinic receptors were designed from published sequences (Genebank accession numbers AY072058-AY072062), with Oligo 4.04 Primer Analysis Software (National Biosciences Inc., Plymouth, MN, USA). See Table 1 Amplified fragments were separated on a 2% (w/v) agarose gel post-stained with ethidium bromide and viewed under UV light. Product size was confirmed by comparison with 100 bp DNA ladder (Promega).
Mechanical recording
For mechanical recording, data was obtained from a total of n=6 male and n=6 female rats and 
a , Sequence information for primers used for polymerase chain reaction.
b , Optimised annealing temperature for individual primer pairs c , Expected PCR product length for amplicon. d , GenBank accession number for guinea pig mRNA sequence from which primers were designed. n=8 male and n=8 female guinea pigs (not all experiments were performed on tissue from every animal). After removal of the urothelium and mucosa, full thickness longitudinal strips (2 × 10 mm) of detrusor muscle were prepared from each bladder and set up in a 10 ml organ bath filled with modified Krebs solution at 36ºC with the following composition (mM): NaCl 120.0, KCl 5.0, CaCl2 2.5, NaHCO3 25.0, MgSO4 1.0, NaH2PO4 1.0 and glucose 11.0 equilibrated with 5% CO2 in O2 to give a pH of 7.4.
The strips were passed through paired Ag ring electrodes and one end was attached by thread to a force transducer (FT.03, Grass, Boston, Mass, USA). The resting tension was adjusted to 1 g and contractions were recorded on a Grass polygraph recorder and Maclab for later analysis. The strips were equilibrated for one hour. Field stimulation of nerves was applied with pulses of 60 V, 0.6 msec for 6-10 sec. Frequencies of 1-50 Hz were used at the beginning of each experiment. We subsequently used 1, 5 and 20 Hz to provide responses to low, medium and high frequencies.
The phasic response was measured as the maximum contraction, which occurred ~ 2 sec after the beginning of stimulation. If stimulation was continued, the response was reduced and plateaued beyond 6 sec. The tonic response was therefore measured at the end of the 6 sec stimulation period. Agonist drugs were added to the bath to achieve the concentration required and response recorded. Similarly, antagonist drugs were added to the bathing solution to give the concentration indicated and the stimulation was repeated after 30 mins equilibration.
Drugs used were acetylcholine chloride, ATP, atropine sulphate, methoctramine (M2 receptor antagonist), α, β-methylene ATP (α, β-meth ATP), tetrodotoxin (TTX) and Pyridoxal-5'-phosphate-6-(2'-naphthylazo-6'-nitro-4', 8'-disulphonate) (PPNDS) (Sigma, St Louis, Missouri, USA). Darifenacin (M3 receptor antagonist) was kindly donated by Pfizer (Sandwich, Kent, England). Dose-response curves were plotted to measure the effect of antagonists on increasing doses of ACh and on responses to nerve stimulation. The pA2 values were obtained by plotting ED50 against antagonist concentration. As only one mean value for each ED50 was obtained, an SEM is not provided.
Statistical analysis
Data represents a minimum of 5 to 7 animals for each group. Duplicate or triplicate reactions from an individual animal were averaged and reported n values indicate animal numbers. Values are reported as mean ± standard error of the mean (SEM). Statistical analysis was performed using a two-tailed Students t-test to compare responses between control and test condition, with significance set at P≤0.05. When multiple analyses were made, a Bonferroni correction was applied. Software utilised was either SPSS Statistical Package (SPSS Inc., IL, USA) or GraphPad Software (GraphPad Software, Inc. La Jolla, CA USA). Responses to electrical stimulation in the presence of either α, β-meth ATP or PPNDS are presented as change relative to control (set to=100%).
Results
RT-PCR
Expression of RNA for the muscarinic and purinoceptors is shown in Table 2 . Of the muscarinic receptors, M2 was most consistently detected across both species and sexes, while M3 was detected in all animals except for one female rat. Expression for M1, M4 and M5 was variable.
For example M1 receptors were detected in all groups but not all animals within each group (5/8 rats and 3/7 guinea pigs), while M4 was never detected in guinea pigs and M5 was never detected in male guinea pigs. A gel illustrating detection of an example of muscarinic receptor mRNA from the guinea pig bladder is shown in Fig. 1 . Analysis of PCR product for purinoceptor expression in the rat tissue indicated consistent detection of mRNA for P2X1, P2X2, P2X4, P2X5, and P2X7. P2X3 and P2X6 expression differed between male and female rats, with higher levels of both P2X3 and P2X6 expression in the females.
In 2 preliminary experiments (a male and a female rat), the urothelium was not removed and there was very high expression of P2X3, as evidenced by a significantly greater intensity and size of the PCR product, which was not seen in any of the other preparations, indicating successful removal of the urothelium in the other preparations.
No PCR product was seen when reverse transcriptase enzyme or RNA was omitted from reactions. The efficiency of all primer pairs was confirmed in brain tissue from corresponding species where an appropriately sized amplicon was strongly detected. All fragments corresponded to the predicted fragment size for each receptor subtype.
Mechanical responses
Strips from both species showed initial spontaneous activity but this decreased during the onehour equilibration period. Nerve stimulation produced contraction of the strips with a phasic maximal component followed by a tonic component at higher frequencies ( Fig. 2A) . At 20Hz under control conditions the phasic response was close to maximum (Callahan and Creed, 1986) and was larger in guinea pig than rat (grouped data rat 2.53 g ± 0.2 vs. guinea pig 5.28 g ± 0.455, P≤0.05, n=25) and was larger in male guinea pigs compared to female guinea pigs (6.39 g ± 0.52 vs. 4.18 g ± 0.47, P≤0.05, n=14, Fig. 3A ). The tonic response declined slightly during stimulation and returned rapidly to the baseline at the end of stimulation ( Fig. 2A) . There was no significant difference between species or sex in the tonic component (Fig. 3B) .
Application of ACh produced dose dependent contraction with a maximum at 10 -2 M that was similar to the contraction produced by KCl (50 mM) and was well maintained while ACh remained in the bath. Taking the response to 3 × 10 -2 M ACh as 100%, the ED50 calculated for male and female rats were less than for guinea pigs (Table 3) . The response to 20 Hz field stimulation was smaller than the maximum response to ACh (20Hz:ACh %; Table 3 ). There was no significant difference between males and females of each species.
Application of ATP (10 -4 M) produced small, inconsistent contractions that were transient.
Application of α, β-meth ATP (5 × 10 -4 M) contracted the bladder strips, producing large responses on first application (male rat 2.87 ± 0.49 g, female rat 1.94 ± 0.88 g, male guinea pig 3.01 ± 1.37g, female guinea pig 2.33 ± 1.61g, n=4-6). In the continued presence of α, β-meth ATP, the tension was poorly maintained. Upon washout, the contraction returned to the base line over a 20 min period. Subsequent application of α, β-meth ATP at 30 min or later, even after washing, produced a very small or no contraction.
Fig. 1.
Muscarinic receptor PCR products from guinea pig bladder. Agarose gel showing amplicons obtained from the bladder detrusor muscle of a female guinea pig using primers for muscarinic receptors M1-M5 designed against published guinea pig sequences. Lane 1: 100 base pair (bp) ladder. Lanes 2-6. PCR product was detected using the primers for M1, M2, M3 and M5 (lanes 2, 3, 4 and 6 at 294, 557, 313 and 594 bp, respectively). No product was detected for M4 but control experiments on cDNA extracted from guinea pig brain produced product of the predicted size (510 bp). Lanes 7 and 8: Control samples taken through RT and PCR process in the absence of RT enzyme or cDNA, respectively, tested with the M2 primer pair. 
Effects of antagonist drugs (i) Effect of muscarinic receptor antagonists on nerve induced responses
Methoctramine (M2 receptor antagonist) at 10 -5 M did not significantly reduce either the phasic or tonic response (Table 3) . Darifenacin (M3 receptor antagonist) at concentrations of from 10 -8 to 10 -6 M had no significant effect on the phasic response (Fig. 3A) . However, the tonic component was reduced in all groups by Darifenacin at 10 -6 M (P≤0.05, Fig. 2B, Fig. 3B ). Addition of atropine (10 -6 M) produced no further reduction (Fig. 2C ). In the presence of TTX (10 -6 M), only a residual contraction occurred at 5 and 20 Hz, indicating a negligible component of the response was due to direct stimulation of the muscle. Similar antagonism occurred in males and females.
(
ii) Effect of antipurinergic drugs on nerve induced responses
α, β-Meth ATP is believed to desensitise P2X1 and P2X3 purinoceptors (North, 2002) . In our preparation, α, β-meth ATP caused a significant reduction (P≤0.05) in the amplitude of the phasic response to nerve stimulation in all groups. The response in male rats at 5Hz in the presence of 5 × 10 -5 M α, β-meth ATP was reduced to 26.0 ± 2.6% of control while that in female rats was reduced to 41.31 ± 5.82% (P≤0.05 between males and females, n=6 per group). In male guinea pigs the response was reduced to 28.45 ± 3.0%, and in female guinea pigs to 22.6 ± 7.2% of control (n=6 per group).
PPNDS, a selective P2X1 receptor antagonist (Lambrecht et al., 2000) had no direct effect on bladder strips. At 5 × 10 -5 M it had no significant effect on the nerve-mediated response to 5Hz on bladder strips from male or female rats (98.67 ± 1.5% and 90.57 ± 3.08%, n=6, respectively). However, at 5 × 10 -4 M a significant reduction (P≤0.05) in response was seen for both male and female rats (male: 60.01 ± 5.21%, female: 68.6 ± 5.8% of control, n=6 per group). The guinea pig bladder muscle was also sensitive, with significant reductions of the phasic responses to 5Hz to 69.9 ± 3.1% of control for males and to 82.5 ± 5.9% for females in the presence of 3 × 10 -5 M PPNDS (n=6 per group) and to 51.8 ± 3.5% for males and to 50.5 ± 9.1% for females in the presence of 1 × 10 -4 M PPNDS (n=6; P≤0.05). Similar results were recorded for other frequencies of stimulation (data not presented). When comparing the response between sexes, together the α, β-meth ATP and PPNDS data suggest a greater purinergic contribution to the Mechanical responses of bladder strips from male and female rats and guinea pigs to applied acetylcholine (ACh) or electrical stimulation (20 Hz) under control conditions and in the presence of the M2 receptor antagonist methoctramine (M). The ED50 value for ACh was calculated taking the response to 3 × 10 -2 M ACh as 100%. Calculated n values indicate animal number, derived from the average of duplicate or triplicate replicates from an individual animal. Values are reported as mean ± standard error of the mean (SEM).
phasic response in males but this only reached significance for the male and female rat α, β-meth ATP data.
(iii) Dose response to ACh
The M2 receptor antagonist, methoctramine, had no effect on the response to ACh below 10 -6 M; at 10 -5 M, responses were slightly reduced with a parallel shift to the right of the dose response, but this was not consistent. The M3 receptor antagonist, darifenacin, shifted the dose response curves to the right at concentrations greater than 10 -8 M (rat data illustrated in Fig. 4) . The shifts were similar for males and females of both species giving pA2 values of 7.79 (male rat), 7.81 (female rat), 7.76 (male guinea pig) and 8.36 (female guinea pig). As a control, atropine demonstrated high antagonist specificity with a pA2 value of 9.00 in the male rat strips. At the higher doses of darifenacin (10 -5 M) the tissues became spontaneously active. Since large contractions were superimposed on the responses to high doses of ACh at these concentrations it was difficult to measure the upper and lower ends of the dose response curves. However, intermediate values indicated that the shifts were parallel suggesting that the antagonism was competitive.
Discussion
The aim of this study was to determine if there was any differences in the functional expression of muscarinic and purinergic receptors in the urinary bladder from males and females from 2 species, rat and guinea pig, under comparable experimental conditions. While we have shown that the phasic mechanical contractile response to nerve stimulation is greater in guinea pig than in rat, and in male guinea pigs when compared to female guinea pigs, overall, our data does not support any significant functional differences between the groups studied. We do however present novel data to suggest that the purinergic component of the nerve mediated phasic response is greater in males than in females, and that more than one purinoceptor subtype may be responsible for smooth muscle contraction in response to ATP in the rat bladder, providing potential focus for targeted pharmacological interventions.
Our results indicate that the tonic component of nerve-induced contraction and the acetylcholine response of bladder strips of rats and guinea pigs are antagonised by the M3 receptor antagonist, darifenacin, but not by the M2 receptor antagonist, methoctramine, correlating well with our RT-PCR results, and serving to confirm and extend results obtained previously that show M3 receptors produce contraction in the rat (Hegde et al., 1997; Matsui et al., 2000; Kories et al., 2003) . We also demonstrated strong overall expression of the M2 receptor, which is in contrast to its lesser functional role. However, it has recently been demonstrated that in humans with neurogenic bladder dysfunction, a shift to functional M2 involvement occurs (Pontari et al., 2004) , as has been described for hypertrophied rat bladder after denervation (Braverman et al., 1998b; Pontari et al., 2004) . This suggests that M2 receptors are expressed, but while not functionally active under normal conditions, assume an important role in pathological states. The mechanisms that induce this functional shift are likely to be of clinical relevance and warrant further study.
From a methodological perspective, in the present experiments, isolated strips were used after removal of the urothelium and connective tissue. When the urothelium was present in control experiments, very high levels of P2X3 were detected. Functional responses and gene expression results were therefore presumed to result from receptors situated on the muscle itself, but they may also be on other structures within this layer such as motor nerves or interstitial cells (Hashitani et al., 2004) . Further analysis of the gene products would be necessary to identify the exact location of receptor sites.
Rat functional responses
Rat tissue was more sensitive to applied ACh when compared to guinea pig. However, cholinergic contractile responses and their antagonism were similar in male and female rats with comparable pA2 values for darifenacin. A study by Kories et al (Kories et al., 2003) found a similar situation in human and rat tissue using KCl and carbachol challenge, and while it has been shown in M3 receptor knock-out mice that males, but not females, had difficulty urinating, the response of bladder strips were comparable (Matsui et al., 2000; Igawa et al., 2004) . Differences between males and females might therefore be explained by urethral properties, as there are important sexual differences in the urethral muscles (Van der Werf and Creed, 2002) .
The expression of mRNA for the muscarinic receptors was similar between the sexes in our study. Differential functional responses to carbachol have been documented in female rats during oestrus (Longhurst and Levendusky, 2000) , and while we did not determine the oestrous phase of the female animals in our study, the work of others has shown that variation in M2 muscarinic receptor mRNA in the bladder of young vs. old female rats was not attributable to cyclic serum oestradiol levels (Watanabe et al., 2008) , suggesting that stage of cycle is not a major factor influencing muscarinic receptor mRNA expression.
We saw consistent expression of mRNA for P2X1, P2X2, P2X4, P2X5 and P2X7 receptors in male and female rats. Primary expression of the P2X1 receptor is seen across the species, including humans (Lee et al., 2000; Vial and Evans, 2000; O'Reilly et al., 2001) . For example in rats, P2X1 is the only subtype associated with the bladder detrusor smooth muscle membrane (Lee et al., 2000) , and in P2X1 receptor deficient mice, ATP failed to evoke contraction or initiate inward currents (Vial and Evans, 2001 ). As PPNDS is one of the few sub-type specific antagonists for P2X purinoceptors that have been identified (Lambrecht et al., 2000) , it was not possible to identify with certainty which receptors are responsible for the total components of the contraction in our study. The partial effect of PPNDS on the phasic contraction leads us to suggest that heteromeric complexes composed of the P2X1 receptor and another subtype are involved. This is in agreement with a recent study by Kennedy et al. (Kennedy et al., 2007) , who used pyridoxalphosphate-6-azophenyl-2', 4'-disulphonic acid (PPADS) as an alternative P2X1 antagonist.
In their study in guinea pig and mouse, PPADS inhibited but similarly did not abolish the noncholinergic component of neurogenic contractions. The authors suggest the possibility of a P2X1/ P2X4 heteromultimer (Kennedy et al., 2007) . Future experiments, such as using PPNDS to inhibit α, β-meth ATP responses (P2X1/P2X3) (North, 2002) will assist in defining this profile of receptor makeup. We also showed that the P2X7 receptor was consistently expressed in the rat tissue, however its specific expression in the nuclei of lamina propria and epithelial cells in both the rat and guinea pig, and not in the plasma membrane (Lee et al., 2000; Menzies et al., 2003) make it an unlikely contributor to the remaining ATP mediated contractile component.
Of note is our data indicating a greater purinergic contribution to the phasic nerve mediated response in male as compared to female rats. Our mRNA results indicated that some differences in expression of P2X3 and P2X6 exist between the sexes, with lower expression of both subtypes in the male animals. This warrants further investigation as a relatively greater purinergic component in males may underlie their decreased incidence of urge incontinence (Longhurst and Levendusky, 2000; Cheung et al., 2009) .
Guinea pig functional responses
The contraction in response to nerve stimulation in guinea pig bladder strips was larger than for rat, and was closer in amplitude to the contraction to ACh. However, the pA2 values for darifenacin were similar, and our gene expression studies showed that the M2 and M3 receptor subtypes again dominated. Further, we did not detect mRNA for M4 receptors in any of the guinea pig samples, and only detected M5 in the female animals. This compares with the findings in other species, where M2 and M3 receptors have been shown to be the predominant subtypes using both immunological and ligand binding techniques (Eglen et al., 1994; Wang et al., 1995) .
There is previous evidence for species variation in purinergic responses, as we have shown that suramin is without action on strips from sheep bladder, but reduces nerve-induced responses in strips from rabbits (Creed et al., 1994) . Furthermore, neither suramin nor PPADS (P2-receptor antagonists) reduced the contraction to ATP in rat strips (Kageyama et al., 2000) but both inhibited contraction of guinea pig muscles (Hoyle et al., 1990; Usune et al., 1996) . In the present experiments, PPNDS also had a greater effect on guinea pig than rat bladders. Again, until other specific antagonists are identified, it is not possible to determine which purinoceptors are involved but it is apparent that there are species differences. In summary, these results indicate that muscarinic receptor subtypes M2 and M3 are present in bladder smooth muscle of males and females, and M3 is responsible for the tonic component of the nerve-mediated response in both species examined. In accord with our mRNA analysis, our functional studies suggest that the P2X1 receptor is not the only purinoceptor contributing to the phasic response, and the role of novel heteromeric complexes require further investigation.
Finally, our data indicates that in male rats, a greater proportion of the phasic component of contraction is mediated by purinergic mechanisms. Given that the functional contribution of both muscarinic receptors and purinoceptors have been shown to change in unstable bladders, baseline data such as presented in this study will be critical in determining how relative functional contributions change in the diseased state, providing valuable information towards new treatment options.
